diseases, such as traumatic brain injury, attention deficit-hyperactive disorder, autism, Alzheimer's disease, and stroke. [12] [13] [14] [15] [16] [17] [18] Although these techniques have provided important information about the microstructural changes that occur in WM after injury, less focus has been given to accompanying the functional changes that occur after WM injury.
White matter tissue is composed of both myelinated and unmyelinated axons. Thus, WM injury can be characterized as demyelination and/or axonal damage. As myelinated and unmyelinated axons display different electrophysiological properties, 13, 19 functional studies employing electrophysiological techniques capitalizing on these differences may allow researchers to discern the nature and severity of any underlying WM damage. To this end, the corpus callosum (CC), the largest tract of WM in the brain, has been used extensively in research to study WM function under normal and pathological conditions (including axonal injury and remyelination). 8, 20 The CC contains both myelinated and unmyelinated axons; thus, it is an ideal structure in which to characterize the electrophysiological response of WM in response to injury or disease.
Compound action potentials (CAPs) have been widely used to
investigate the functional alteration of nerve fibers caused by brain injury or WM degeneration. [21] [22] [23] Based on previous research, there are typically two types of phase peaks in CAPs traces. 9, 13, 24 The early peak (N1) signifies the conduction of myelinated axons, while the later phase peak (N2) represents unmyelinated axons. Previous research has observed heterogeneity in the CAPs response within the rostral-caudal extent of the CC that appears to be linked to variations in the proportion of myelinated and unmyelinated axons. 19 We therefore surmised that demyelination and axonal damage might
give different CAPs profiles relative to the normal CAPs response.
In the present study, we aimed to test this hypothesis by performing a comprehensive comparison of the CAPs response in the CC between demyelination induced by cuprizone 25, 26 and white matter stroke (WMS), 27 which causes both demyelination and axonal damage. Evidence garnered from electrophysiological experiments was substantiated with EM and immunohistological analysis.
We found that the N1 and N2 components of the CAPs undergo distinct alterations under conditions of demyelination and demyelination combined with axonal injury. The CAPs' amplitude and area cannot solely distinguish these two different disease models. Other parameters of the CAPs, such as the half-width and conduction velocity, need to be considered in concert with the amplitude and area to make inferences regarding the nature of the underlying WM damage. 
| ME THODS

| Animal
| Induction of experimental demyelination
Mice were subjected to demyelination as previously described. 25 Specifically, mice were fed a diet containing 0.2% cuprizone (Sigma-Aldrich) mixed with their standard laboratory rodent diet (Teklad Global 2918; Harlan) for 6 weeks. The sham mice were fed with standard laboratory rodent chew without cuprizone supplementation. Cuprizone administration at this dose leads to selective apoptosis of oligodendrocytes, which subsequently results in demyelination. 25 
| Induction of white matter stroke
Mice were randomly divided into Sham or L-NIO groups, and WMS was induced as previously described 27 (Appendix S1).
| CAP measurements
Compound action potentials in the CC were evaluated as previously described 28 (Appendix S2).
| Tissue section preparation
Mice were anesthetized with 3% isoflurane in 67:30% N 2 O/O 2 until they were unresponsive to tail pinch, and transcardially perfused with saline followed by 4% paraformaldehyde in 0.1 mol/L phosphate buffer (pH 7.4). Brains were removed and transferred to a 30% sucrose solution in phosphate-buffered saline overnight for cryoprotection. Serial coronal brain sections were sliced at 25 µm on a cryostat (CM1900; Leica) beginning 1.1 mm anterior to bregma.
| Immunohistochemical staining
Brain sections were immunohistochemically stained for MBP, SMI32, NF200, and densitometric analysis was performed as previously described 28 (Appendix S3).
| Luxol fast blue staining
Luxol fast blue (LFB) was used to stain for damaged myelin in the CC performed as previously described. 29 The 25-μm-thick coronal sections were incubated in the 0.1% LFB stain (Cat.S3382; Sigma) overnight, at 60°C. Then, slides were rinsed in 95% ethanol followed by double-distilled water (ddH 2 O), and differentiated with 0.05% lithium carbonate. Slides were then rinsed in 70% ethanol and ddH 2 O.
The differentiation step was repeated until there was a sharp contrast between the CC and the cortex.
| Electron microscopic studies
Electron microscopic analysis was used to assess axonal morphology/damage in the CC, as described previously 28 (Appendix S4).
| Statistical analysis
Statistical analyses were performed using GraphPad Prism 7.0 (GraphPad Software). Data are expressed as the mean ± standard . The results are presented as the mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001; ns, statistically non-significant difference. n = 6-10 mice error of mean (SEM) and were analyzed by analysis of variance (ANOVA) followed by post hoc Bonferroni/Dunn tests. The difference in means between two groups was assessed by the twotailed Student t-test. Differences among multiple groups were analyzed with one-way ANOVA P < 0.05 was considered statistically significant.
| RE SULTS
| Different CAP responses between two coronal levels of brain slices
Measurement of CAPs has been shown to be a key way to assess the functional integrity of axons. The N1 amplitude showed an overall downward trend from more anterior to posterior slices. However, the only statistically significant difference was between the slice taken +0.16 mm from bregma (0.25 ± 0.08 mV, n = 6) and the slice taken −1.59 mm from bregma (0.13 ± 0.03 mV, n = 6, P < 0.05; Figure 1B ). In contrast, N2 amplitudes mainly increased from anterior to more posterior slices in the mouse brain. Specifically, the N2 amplitude at bregma −1.59 mm (0.53 ± 0.13 mV, n = 6, P < 0.05) and at bregma −1.94 mm (0.69 ± 0.17 mV, n = 4, P < 0.01) was over two times higher than that at bregma + 0.16 mm (0.22 ± 0.04 mV, n = 6; Figure 1C ). And N2 amplitudes at bregma + 0.51 mm (0.29 ± 0.17 mV, n = 6, P < 0.05) and −0.19 mm (0.31 ± 0.17 mV, n = 6, P < 0.05) were also significantly lower than that at bregma −1.94 mm. These results suggest that the distribution of myelinated and unmyelinated axons may differ between the anterior and posterior aspects of the mouse brain.
| Correlations between CAP responses and axonal myelination
Based on the electrophysiology data from the anterior to posterior coronal brain sections, we hypothesized that there were more myelinated axons in anterior portions than in posterior portions of the mouse brain. To test this hypothesis, we performed electron microscopy (EM) to compare the microstructure in the CC from two brain sections that differed mostly in their N1 and N2 components of the CAPs (bregma +0.16 mm vs bregma −1.59 mm, Figure 1D ,E). Firstly,
we assessed the g-ratio of myelinated axons, which reflects myelin thickness, in the brain slices from these two positions. Although there were no significant differences in the g-ratio across different axon diameters between the anterior and posterior coronal slices ( Figure 1F ), there was a significant difference in g-ratio as a function of overall axon diameter ( Figure 1G ).
We quantified 100-210 and 100-300 axons/animal in coronal sections at the levels of bregma +0.16 and −1.59 mm, respectively. Both the proportion (43.2 ± 2.6% and 27.5 ± 3.6%, P < 0.01; Figure 1H ) and the number (104.7 ± 5.8 per 100 μm 2 and 70.5 ± 6.4
per 100 μm 2 , P < 0.01; Figure 1I ) of myelinated fibers were significantly higher in the bregma +0.16 mm sections than those in the bregma −1.59 mm sections. In contrast, there was no discernible difference in the number of unmyelinated fibers between the bregma +0.16 mm (62.8 ± 2.8 per 100 µm 2 ) and −1.59 mm section (70.3 ± 2.9
per 100 µm 2 ; Figure 1I ).
These results indicated that the number of myelinated axons predominates in anterior aspects of the mouse brain. In accordance, we 
| Deficiencies in CAP responses in the model of cuprizone-induced demyelination
Previous studies have demonstrated that chronic ingestion of cuprizone results in significant demyelination of the CC, [31] [32] [33] Next, we performed electron microscopy to verify microstructural changes in the CC of mice fed with the cuprizone diet ( Figure 2C ).
The g-ratio was significantly increased in cuprizone-fed mice at both proportion of demyelinated axons in these sections ( Figure 2D-F) .
Finally, our electrophysiological CAP measurements in the CC showed that the N1 amplitude was significantly decreased at bregma +0.16 mm in cuprizone-fed mice (P < 0.001; Figure 3D ) compared to normal diet-fed mice. This decrease in the N1 amplitude in cuprizone-fed mice corresponded with significant decrease in the N1 area (P < 0.001; Figure 3F ). In contrast, the mean N2 amplitude was significantly higher in the cuprizone-fed mice compared to normal fed mice (P < 0.01; Figure 3D ), which corresponded with an increase in the N2 area (P < 0.001; Figure 3F ). The N1 amplitudes
were not significantly different in the more posterior brain slice at bregma −1.59 mm between the normal diet and cuprizone-fed mice, whereas the N2 amplitude and area were increased as a function of total stimulating strengths in the cuprizone-fed mice ( Figure 3H ).
Although demyelination induced by cuprizone did not markedly alter
the N1 and N2 amplitude, it significantly decreased the N1 area and increased the N2 area at bregma −1.59 mm ( Figure 3J) . Further, the Our results demonstrated that myelinated fibers lost myelin sheath without axonal injury under six-week cuprizone dietary supplementation ( Figure 6B ). Our data suggested that measurement of the CAPs using parameters, such as amplitudes, areas, or half-width, could detect axonal demyelination at functional levels ( Figure 6B ). 
| Deficiencies in CAP responses in the model of WMS
| D ISCUSS I ON
Disruption in WM maturation leads to abnormal brain function correlated with numerous neuropsychological disorders.
16,34-36
Furthermore, WM injury occurs in various CNS conditions/diseases, such as attention deficit-hyperactive disorder, autism, multiple sclerosis, Alzheimer's disease, TBI, and stroke. [12] [13] [14] [15] [16] [17] 37 WM recovery is also related to improved neurological function. Quantitative analysis of electron micrographs at this timepoint also showed demyelinated axons, along with axonal injury, and a decrease in the number of myelinated and unmyelinated axons, consistent with the functional deficits observed in the CAP.
| CON CLUS ION
In conclusion, under normal physiological and pathological conditions, and N2 amplitudes and areas, can be used to differentiate between pure demyelination and demyelination combined with axonal injury.
The N1 half-width was more sensitive to demyelination, whereas the conduction velocity was more sensitive to axonal injury. 
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